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DESCRIPTION 



VACUUM PUMP 



Technical Field 

[0001] This invention relates to a vacuum pump and, in particular, relates to a 

vacuum pump for use in the field of manufacturing semiconductor devices, flat 
panel display devices, or the like. 

Background Art 

[0002] Vacuum pumps are used in the semiconductor manufacturing field, the 

manufacturing field of flat panel display devices and so on, and many other 
industrial fields that require depressurization. As the vacuum pump, use is 
made of, for example, a screw pump. The screw pump is disclosed, for 
example, in Non-Patent Document 1 as a screw type pump. 
[0003] Generally, the screw pump comprises a pair of screw rotors having a 

first screw rotor with a plurality of helical land portions and a plurality of helical 
groove portions (a male rotor with convex thread ridges) and a second screw 
rotor with a plurality of helical land portions and a plurality of helical groove 
portions (a female rotor with concave thread grooves) and adapted to rotate 
about two axes substantially parallel to each other while meshing with each 
other, and a casing receiving therein the pair of screw rotors and having an inlet 
port and a discharge port. Further, a pair of shafts supporting the pair of screw 
rotors are provided with a pair of bearings and a pair of shaft seal members. 
[0004] In the conventional pump, ball bearings are generally used as the 

bearings. Therefore, seal mechanisms such as oil seals or mechanical seals 
are added between the screws and the ball bearings and further a large amount 
of gas is introduced to the seal portions. However, since it is not possible to 



completely prevent leakage of ball bearing oil to the screw (pump) side, in case 
of being used as a vacuum pump in a processing step (plasma etching, 
reduced-pressure vapor phase epitaxy) that emits a toxic gas, a corrosive gas, 
or the like in a depressurized state when, for example, manufacturing 
semiconductor elements, the gas contacts the ball bearings to corrode the 
bearings or the oil at the bearing portions flows into the inside of the pump, 
thereby causing serious failure in the processing step. Further, there has been 
a technical problem that reaction product is accumulated on the ball bearings to 
impede smooth operation. 
[0005] Further, there has been a big technical problem that since the gas 

introducing amount is large, a huge cost is required for separating and 
recovering an expensive gas such as Kr or Xe used in the processing step. 

Non-Patent Document 1 : "Physics Dictionary" compiled by Physics 
Dictionary Editorial Board, Baifukan, Revised Edition published May 20, 1992, 
p. 1019 



[0006] 



Disclosure of the Invention 
Problem to be Solved by the Invention 
[0007] This invention has been made for solving the foregoing problems and 

has an object to provide a vacuum pump having shaft seals that prevent 
corrosion due to corrosive gas and further ensure smooth operation. 



Means for Solving the Problem 

[0008] Vacuum pumps according to this invention are as follows. 

[0009] (1 ) A vacuum pump comprising a pair of screw rotors each having a 

substantially hollow-cylindrical shape with one end closed, each having a 
plurality of helical land portions and a plurality of helical groove portions, and 
adapted to rotate about substantially parallel two axes while meshing with each 



other, a casing receiving therein the pair of screw rotors, a pair of shafts 
provided so as to extend from the closed ends on the cylinder inside of the pair 
of screw rotors, respectively, and supporting the pair of screw rotors, 
respectively, and a pair of bearing members each having a substantially hollow- 
cylindrical shape and disposed between inner circumferential surfaces of rotor 
cylinders of the pair of screw rotors and outer circumferential surfaces of the 
pair of shafts, respectively, the pair of bearing members having bearings at 
inner circumferential surfaces thereof, respectively. A shaft seal structure is 
provided around an outer circumferential surface of the bearing member located 
on the cylinder inside of each of the screw rotors. The shaft seal structure 
forms a static pressure seal, and a seal gas is introduced between the outer 
circumferential surfaces of the bearing members and the inner circumferential 
surfaces of the rotor cylinders of the screw rotors through the bearing members. 
[001 0] (2) The vacuum pump as recited in the foregoing item (1 ), wherein the 

screw rotors are each centered with respect to the bearing member by the 

introduced seal gas. 

[0011] (3) The vacuum pump as recited in the foregoing item (1 ) or (2), 

wherein the shaft seal structure comprises a substantially hollow-cylindrical 
shaft seal member installed in a concave portion circumferentially formed on the 
outer circumferential surface of the bearing member and the shaft seal member 
is not in contact with the inner circumferential surface of the rotor cylinder during 

the stationary operation. 
[001 2] (4) The vacuum pump as recited in the foregoing item (3), wherein the 

shaft seal member includes a porous member and the seal gas is introduced 
between the outer circumferential surface of the bearing member and the inner 
circumferential surface of the rotor cylinder of the screw rotor through the shaft 
seal member from the bearing member. 
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[001 3] (5) The vacuum pump as recited in the foregoing item (4), wherein the 

porous member has a porosity of 1 % to 20% and a gas introduction pressure to 
the porous member is 2MPa to 100MPa. 
[0014] (6) The vacuum pump as recited in the foregoing item (3), wherein the 

shaft seal member has a seal gas passing port opened in a radial direction and 
the seal gas is introduced between the outer circumferential surface of the 
bearing member and the inner circumferential surface of the rotor cylinder of the 
screw rotor through the shaft seal member from the bearing member. 
[0015] (7) The vacuum pump as recited in the foregoing item (6), wherein the 

seal gas passing port is provided at a position in a cylinder axis direction of the 
bearing member where back diffusion of the seal gas does not occur either to 
the screw rotor side or to the bearing side. 
[0016] (8) The vacuum pump as recited in any one of the foregoing items (3) to 

(7), wherein the shaft seal member has a seal gas passing port opened in a 
radial direction and the seal gas is introduced between the outer circumferential 
surface of the bearing member and the inner circumferential surface of the rotor 
cylinder of the screw rotor through the shaft seal member from the bearing 
member. 

[0017] (9) The vacuum pump as recited in any one of the foregoing items (3) to 

(7), wherein the shaft seal member is formed by a single substantially hollow- 
cylindrical component and an O-ring is disposed at an end surface of the shaft 
seal member for urging the shaft seal member in the cylinder axis direction in 
the concave portion. 

j 001 8 ] (1 0) The vacuum pump as recited in any one of the foregoing items (3), 

(6), and (7), wherein the shaft seal member is integrally formed with the bearing 
member. 

r 00 i g] (11) The vacuum pump as recited in any one of the foregoing items (1) 

to (10), wherein a gap between the outer circumferential surface of the bearing 



member and the inner circumferential surface of the rotor cylinder of the screw 
rotor is formed in a tapered shape so as to expand as approaching an exhaust 
side of an exhaust gas of the vacuum pump. 

[0020] (12) The vacuum pump as recited in any one of the foregoing items (1) 

to (11), wherein the seal gas is set to such flow velocity where there occurs no 
back diffusion of the exhaust gas from the exhaust side of the vacuum pump. 

[0021] (13) The vacuum pump as recited in any one of the foregoing items (1) 

to (11), wherein the seal gas is set to such flow velocity where there occurs no 
back diffusion of the exhaust gas from the exhaust side of the vacuum pump, 
and to prevent oil from flowing into the pump side from the bearing side. 

[0022] (14) The vacuum pump as recited in any one of the foregoing items (1) 

to (11), wherein the seal gas is set to such flow velocity where there occur no 
back diffusion of the exhaust gas to the bearing side from the exhaust side of 
the vacuum pump and no back diffusion of oil to the pump side from the bearing 

side. 



Effect of the Invention 
[0023] According to this invention, it is possible to obtain a vacuum pump 

comprising shaft seals that largely reduce the consumption amount of seal gas, 
prevent corrosion due to corrosive gas, facilitate gas recovery, and further 

ensure smooth operation. 
[0024] Further, according to this invention, the smooth operation of a screw 

pump is enabled and, when the operation is smoothed, the rotation can be 
faster. When the rotation becomes faster, the pumping speed increases so 
that the ultimate pressure can be reduced. As a result, the uniform pumping 
speed can be maintained even over the low inlet pressure region and, hence, in 
the case of a system formed by connecting vacuum pumps in a plurality of 
stages, it is possible to omit the pump such as, for example, a turbomolecular 
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pump at the stage prior to the present vacuum pump. 

Brief Description of the Drawings 
[0025] [Fig. 1] A sectional view showing a screw pump according to an embodiment 
of this invention. 

[Fig. 2] A sectional view showing in detail a shaft seal structure in Fig. 1 . 
[Fig. 3] A sectional view showing a modification of a shaft seal member in Fig. 
2. 

[Fig. 4] A sectional view showing another modification of the shaft seal 
member in Fig. 2. 

Description of Symbols 
[0026] 1 oil supply nozzle 

2 shaft 

3 drive gear 

3M male timing gear 
3FM female timing gear 

4 gear box 

5 exhaust plate 

6 seal gas supply port 

7 inner circumferential surface 

8 shaft seal member 

8a, 8b shaft seal member piece 

9 bearing 

1 0 bearing presser nut 

11 casing 

12 suction plate 

13M, 13FM screw rotor 



14 inlet port 

15 discharge port 

16M, 16FM bearing member 

17 shaft seal structure 

18 plate spring 

19 O-ring 

20 shaft seal space portion 

21 seal gas passing port 

Best Mode for Carrying Out the Invention 

Hereinbelow, a vacuum pump according to this invention will be 
described on the basis of an embodiment shown in the figures. This 
embodiment will be described using a screw pump of Fig. 1 as an example. 

Embodiment 1 

A screw pump body A comprises a pair of screw rotors 13M and 13FM. 

The screw rotor 1 3M is a first screw rotor having a plurality of helical 
land portions and a plurality of helical groove portions. The screw rotor 1 3FM 
is a second screw rotor having a plurality of helical land portions and a plurality 
of helical groove portions. These screw rotors 13M and 13FM rotate about two 
axes substantially parallel to each other while meshing with each other. 

The screw rotors 13M and 13FM are received in a casing 11 and 
rotatably supported by a plurality of bearings 9 provided in substantially hollow- 
cylindrical bearing members 16 (bearing members 16M and 16FM) through 
shafts 2 supporting the screw rotors 1 3M and 1 3FM , respectively. Timing 
gears 3M and 3FM are attached to the shafts 2 at one-end portions thereof, 
respectively, so that the pair of screw rotors 13M and 13FM are synchronously 
rotated through the timing gears 3M and 3FM. 
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An inlet port 14 is formed in a suction plate 12 at an opposite-side end 
portion of the casing 11 receiving therein the pair of screw rotors 13M and 13FM 
while a discharge port 15 is formed in an exhaust plate 5 on the other end side 
of the casing 11 . When the screw rotors 13M and 13FM synchronously rotate, 
a gas is sucked through the inlet port 14 and exhausted through the discharge 
port 15 so that the operation of the vacuum pump is carried out. 

Although not illustrated, the exhaust plate is provided with a cooling 
mechanism for, particularly, cooling heat of the gas caused by the compression 
operation on the discharge port 15 side. 

A cover 4 is attached to the exhaust plate 5 attached at the one-end 
portion of the casing 11 having the screw rotors 13M and 13FM received therein. 
The timing gear 3FM of the shaft 2 supporting the screw rotor 13FM is directly 
connected by a drive gear 3 installed on a rotation shaft of a motor M attached 

to the exhaust plate 5. 

Further, a shaft seal structure 17 is provided between the bearing 
member 16M and the screw rotor 3M, and a shaft seal structure 17 is also 
provided between the bearing member 16FM and the screw rotor 3FM. 

Now, referring also to Fig. 2 in addition to Fig. 1, description will be 
given in detail of a configuration of the shaft seal structure 17 with a centering 
mechanism. The shaft seal structure 17 forms a static pressure seal and an 
inert gas such as, for example, a nitrogen gas is introduced into a shaft seal 
space portion 20 from a seal gas introduction port 6 through the inside of the 
bearing member 6 and the outer circumferential surface of the bearing member 
6 under a predetermined pressure. The concave portion 20 is circumferentially 
formed on the outer circumferential surface of each of the bearing members 
16M and 16FM. In the concave portion 20 is disposed a substantially hollow- 
cylindrical shaft seal member 8 in the form of a porous member made of carbon 
or the like. The shaft seal member 8 includes two substantially hollow- 



cylindrical shaft seal member pieces 8a and 8b. The two shaft seal member 
pieces 8a and 8b are juxtaposed in the cylinder axis direction of the bearing 
member 16M, 16FM while partly overlapping each other. !n order to dispose 
the two shaft seal member pieces 8a and 8b with no clearances in the concave 
portion 20, a plate spring 18 is provided between the two shaft seal member 
pieces 8a and 8b for urging the shaft seal member pieces 8a and 8b in 
extending directions of the shaft 2. 

The flow velocity of the seal gas that flows in the shaft seal structure is 
determined by the size of a gap where the seal gas flows and the flow rate and 
it is preferable that the flow velocity be selected so as to prevent back diffusion 
from the exhaust side. It is preferable that the porosity of the porous members, 
i.e. the shaft seal member pieces 8a and 8b, be set to 1% to 20% and the seal 
gas pressure be set to 2MPa to 100MPa. Further, the pressure of the inert gas 
such as the nitrogen gas that flows at a gap portion between the inner 
circumferential surface 7 of the rotor cylinder and the shaft seal member piece 
8a or 8b from a seal gas discharge port in the concave portion 20 is preferably 

set to 0.01 MPa to 5MPa. 

The shaft seal member pieces 8a and 8b are formed by the porous 
members as described above and, further, the seal gas being the high-pressure 
inert gas permeates the shaft seal member pieces 8a and 8b and flows to the 
bearing 9 side while a portion thereof also flows to the screw rotor side (pump 
side) being the depressurizing side. As a result, a corrosive gas or the like 
does not contact the bearings 9, thereby preventing troubles such as corrosion 
of the bearings 9 and accumulation of reaction product on the bearings to 
impede smooth operation. 

Further, since the screw rotor 13M, 13FM is centered with respect to the 
bearing member 16M, 16FM by the flow of the seal gas from the shaft seal 
member pieces 8a and 8b so that vibration of the screw rotor 13M, 13FM is 
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[0040] 



[0041] 



[0042] 



[0043] 



suppressed, the gap between the outer circumferential surface of the shaft seal 
member pieces 8a and 8b and the inner circumferential surface 7 of the rotor 
cylinder can be narrowed. Consequently, the consumption amount of the seal 

gas can be reduced. 

Now, modifications will be described with reference to Figs. 3 and 4. 

Referring to Fig. 3, in this example, as opposed to the exampte shown 
in Fig. 2, a shaft seal member is a single shaft seal member 8 in the form of a 
porous member having a substantially hollow-cylindrical shape and gas leakage 
from a side is prevented by the use of an O-ring 1 9. Also in this example, 
since the screw rotor 13M, 13FM is centered with respect to the shaft seal 
member 8 by the seal gas having permeated the shaft seal member 8 so that 
vibration of the screw rotor is suppressed, a gap between the screw rotor 13M, 
1 3FM and the shaft seal member 8 can be narrowed. Consequently, the 
consumption amount of the seal gas can be reduced. 

Referring to Fig. 4, in this example, a substantially hollow-cylindrical 
shaft seal member 8 is integral with a bearing member 16M, 16FM and is not a 
porous member. In the case of the shaft seal member 8 being not the porous 
member as described above, the shaft seal member 8 is provided with a seal 
gas passing port 21 . The seal gas passing port 21 is provided at a position of 
a ratio where back diffusion does not occur either to the screw rotor side (pump 

side) or to the bearing 9 side. 

In this invention, it is also possible to form a shaft seal member that is 
not a porous member but is separate from the bearing member 16M, 16FM. 

Further, although not illustrated in Fig. 4, a gap between the outer 
circumferential surface of the bearing member 6 including the outer 
circumferential surface of the shaft seal member 8 and the r inner 
circumferential surface 7 of the rotor cylinder is formed club-shaped toward the 
discharge port side, i.e. so-called tapered. That is, the outer circumferential 



surface of the shaft seal member 8, the inner circumferential surface 7, or both 
the outer circumferential surface of the shaft seal member 8 and the inner 
circumferential surface 7 are formed in a tapered shape. 

By, as described above, forming the outer circumferential surface of the 
shaft seal member 8, the inner circumferential surface 7, or both the outer 
circumferential surface of the shaft seal member 8 and the inner circumferential 
surface 7 to be tapered to thereby taper a shaft seal space portion 20 so as to 
be club-shaped toward the discharge port side, even if the shaft 2 is subjected 
to runout with respect to the bearings 9, there is no occurrence of contact 
between the screw rotor 13M, 13FM and the shaft seal member 8 so that it is 
possible to maintain the seal function and achieve smooth rotation. 

According to this invention, the smooth operation of the screw pump is 
enabled by the shaft seal structure serving as the static pressure seal and, 
when the operation is smoothed, the rotation can be faster. When the rotation 
becomes faster, the pumping speed increases so that the ultimate pressure can 
be reduced. As a result, the uniform pumping speed can be maintained even 
over the low inlet pressure region and, hence, in the case of a system formed 
by connecting vacuum pumps in a plurality of stages, it is possible to omit the 
pump such as, for example, a turbomolecular pump at the stage prior to the 
present vacuum pump. 

Industrial Applicability 

In the foregoing embodiment, the description has been made of the 
semiconductor device manufacturing vacuum system. However, the use of the 
vacuum system of this invention is not limited to a semiconductor device 
manufacturing apparatus but it can be used in every industrial field that requires 
depressurization, such as the flat panel display device manufacturing field. 



